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(54) THREE-DIMENSIONAL MEASURING METHOD AND SURVEYING INSTRUMENT USING THE 
SAME 



(57) An electrooptical distance measuring instru- 
ment and measuring method for determining an arbi- 
trary three-dimensional coordinate position, distance, 
area from distance data and angle data. At least three 
points on a plane a including the survey point of a sur- 
vey object are specified, the distances from the origin to 
the specified points and the angles made by the origin 
and the specified points are measured, an expression 
specifying the plane a is defined by using the distance 
data and the angle data, the survey point is sighted from 
the origin to measure the angle, an expression repre- 
senting the line from the origin to the survey point is 
defined, and the survey point which is the intersection of 
the expression specifying the plane a and the expres- 
sion representing the line connecting the origin and the 
survey point is determined by calculation. 
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Description 
TECHNICAL FIELD 

5 [0001] The present invention relates to a non-prism type lightwave range finder or the like which measures a dis- 
tance to an object without having to use a corner cube, and particularly to a lightwave range finder and a measuring 
method, which are capable of computing arbitrary three-dimensional coordinate positions, distances and areas or the 
like from distance and angular data, etc. 

w BACKGROUND ART 

[0002] A lightwave range finder capable of measuring distances without having to use a corner cube has heretofore 
been in existence. This type of conventional lightwave range finder 9000 comprises a light source 9100, a collimator 
lens 9200, a fiber 9300 on the light-emitting side, a prism 9400, an objective lens 9500, a fiber 9600 on the light-receiv- 

75 ing side, a light-receptive lens 9700 and a light receptor 9800. 

[0003] The light source 9100 makes use of a pulse semiconductor laser and is pulse-driven by a laser driving cir- 
cuit. A lightwave pulse emitted from the light source 9100 is introduced into the ffoer 9300 on the light- emitting side 
through the collimator lens 9200 so as to be launched into the prism 9400. Further, the lightwave pulse reflected by the 
prism 9400 passes through the objective lens 9500 so as to be radiated toward an object to be measured. 

20 [0004] After the lightwave pulse reflected from the object to be measured has passed through the objective lens 
9500, it is reflected by the prism 9400, followed by launching into the fiber 9600 on the light-receiving side. Further, the 
lightwave pulse introduced by the fiber 9600 on the light-receiving side is launched into the light receptor 9800 through 
the light-receptive lens 9700. The lightwave pulse received by the light receptor 9800 is converted to an electric signal, 
which in turn is processed by a suitable arithmetic processing means to thereby obtain a distance-measuring value. 

25 [0005] The fiber 9300 on the light-emitting side makes use of one whose diameter is normally about several hun- 
dred urn. This originates from the fact that the size of a light-emitting unit of the pulse semiconductor laser serving as 
the light source for emission is about several hundred um. As the objective lens 9500, one is used wherein an effective 
diameter thereof is several tens of mm and a focal length thereof is about 100 mm. This results from a widened angle 
of the light-emitting unit of the pulse semiconductor laser serving as the light source for emission. Namely, this is 

30 because the objective lens 9500 needs to cover a certain degree of solid angle for the purpose of emitting produced 
light from the objective lens 9500 with good efficiency. 

[0006] Further, the pulse light radiated toward the object to be measured from the objective lens 9500 spreads as 
it propagates far away because the diameter of the fiber 9300 on the light-emitting side has a finite size. If the focal 
length of the objective lens 9500 is regarded as 100 mm and the diameter of the fiber 9300 on the light-emitting side is 
35 1 00 um, for example, then the pulse light is spread to 1 00 mm as it is kept away by a distance of 1 00 m. 

[0007] Thus, since the magnitude of a measuring ray bundle, which is applied to the object to be measured, 
reaches several ten of mm or more, the lightwave range finder 9000 freed from the use of the corner cube actually 
measures a surface without measuring points on the surface of the measuring object. 

[0008] The measurement of a building 8000 through the use of the corner cube-free lightwave range finder 9000 
40 will now be explained based on FIG. 7. 

[0009] Now consider where the sides of the building 8000 are measured. 

[0010] When the corner cube-free lightwave range finder 9000 is installed at a point A to measure a point C of the 
building 8000, it can measure the point C without any problem in practice since the size of the point C corresponding to 
the object to be measured is sufficiently greater than the magnitude of the measuring ray bundle. 

45 [001 1 ] However, when the size and position of a specific portion of the building 8000 shown in FIG. 7 are measured, 
it is necessary to measure a specific corner. When, for example, a point D corresponding to the corner is measured, a 
surface including the corner is actually measured because a measuring ray bundle has a certain degree of magnitude 
even if measuring light is applied to the point D, whereby the corner cannot be measured accurately. 
[001 2] Further, when the corner cube-free lightwave range finder 9000 is placed in a point B to measure a point E 

so of the building 8000, measuring light is applied not only to the point E but also to the sides thereof, so that the resultant 
measured value results in one received from the measuring light applied to the two surfaces, thus causing a problem 
that the point E corresponding to the corner cannot be measured accurately. 

[001 3] A survey of a cylindrical column 7000 will next be described based on FIG. 8. There may be cases where 
the measurements of the positions of an electric-light pole and trees or the like are required upon a survey under the 
55 present conditions. Now consider where the cylindrical column 7000 is measured by a normal lightwave range finder 
9001 . FIG. 9 is a diagram showing this state as viewed from above. First of all, a user places a corner cube 9002 on the 
surface of the cylindrical column 7000. Further, the user makes use of the normal lightwave range finder 9001 to meas- 
ure a distance L to the corner cube 9002. 
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[0014] Next, the radius B of the cylindrical column 7000 is measured with the eye or through the use of a surveying 
tape or the like. 

[0015] Further, a distance L' to the center O of the cylindrical column 7000 can be determined by the following 
equation: 

5 

L' = L+R 

[0016] However, while the distance L to the surface of the cylindrical column 7000 can be measured without the 
installation of the corner cube 9002 where the corner cube-free lightwave range finder 9000 is used, the diameter R of 
10 the cylindrical column 7000 cannot be obtained. Therefore, a problem arises in that the distance L to the center O of 
the cylindrical column 7000 cannot be obtained. 

[0017] If an operator approaches or comes up to the cylindrical column 7000 and measures the radius R of the 
cylindrical column 7000 with his or her eyes or by using the surveying tape or the like, then the distance L* to the center 
O of the cylindrical column 7000 can be determined. However, a problem arises in that if the operator approaches an 
is object to be measured, there is little merit in using the corner cube-free lightwave range finder 9000 and work simplifi- 
cation cannot be achieved. 

[0018] Accordingly, a serious problem arises in that while the corner cube-free lightwave range finder 9000 has an 
excellent merit that it is unnecessary to place the corner cube in a measuring position, it is difficult to measure each 
corner of a measured object because a measuring ray bundle has a finite magnitude, so that the outside shape, size 
20 and the like thereof cannot be measured accurately. 

DISCLOSURE OF INVENTION 

[001 9] The present invention can specify at least three points on a plane a including measuring points of an object 
25 to be measured, measure distances to and angles relative to at least three points corresponding to the specified points 
as viewed from a point of origin, determine an equation for specifying the plane a, using data about the distances and 
angles, collimate the measuring points from the point of origin to thereby measure angles, determine an equation indic- 
ative of a straight line connecting between the point of origin and each measuring point, and compute a measuring point 
corresponding to a paint where the equation for specifying the plane a and the equation indicative of the straight line 
30 connecting between the point of origin and each measuring point intersect. 

[0020] The point of origin employed in the present invention may also be defined as a point where a surveying 
apparatus or surveying equipment is installed. 

[0021] Further, the surveying equipment according to the present invention can also be defined as a lightwave 
range finder which makes no use of a corner cube. 

35 [0022] The object to be measured employed in the present invention is a three-dimensional object, the plane a is 
one surface of the three-dimensional object, and the measuring points may also be corners on the plane a. 
[0023] In the present invention as well, the measuring points are two points, and three-dimensional coordinates of 
the two points can be computed and the distance between the two points can also be computed. 
[0024] Further, in the present invention, the measuring points are at least three points, and three-dimensional coor- 

40 dinates of at least the three points can be computed and an area surrounded by these points can also be computed. 
[0025] The present invention specifies at least three points on a plane a including measuring points of an object to 
be measured, measures distances to and angles relative to at least three points corresponding to the specified points 
as viewed from a point of origin, specifies at least three points on a plane p including measuring points of an object to 
be measured, measures distances to and angles relative to at least three points corresponding to the specified points 

45 from the point of origin, determines an equation for specifying the plane a, using data the distances and angles, deter- 
mines an equation for specifying the plane p, using data about the distances and angles, collimates the measuring 
points from the point of origin to thereby measure angles, determines an equation indicative of a straight line connecting 
between the point of origin and each measuring point, computes a measuring point corresponding to a point where the 
equation for specifying the plane a and the equation indicative of the straight line connecting between the point of origin 

so and each measuring point intersect, and computes a measuring point corresponding to a point where the equation for 
specifying the plane p and the equation indicative of the straight line connecting between the point of origin and each 
measuring point intersect. At least two points corresponding to the measuring point on the plane a and the measuring 
point on the plane p are common. 

[0026] Further, the point of origin employed in the present invention can be defined as a point where surveying 
55 equipment is installed. 

[0027] The surveying equipment or apparatus according to the present invention may also be defined as a light- 
wave range finder which makes no use of a corner cube. 

[0028] The specified points employed in the present invention are four or more points and the plane can also be 
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specified by a least square method. 

[0029] Furthermore, the present invention can measure a distance to an external surface of a cylindrical column 
corresponding to an object to be measured, collimate the outside shape of the cylindrical column to thereby measure 
an angle thereof, and compute a distance to the center of the cylindrical column from the distance and angle, or the 

5 radius of the cylindrical column by a tri-square theorem. 

[0030] The surveying apparatus according to the present invention is a lightwave range finder for measuring dis- 
tances and angles. The lightwave range finder includes an angle measuring unit and a distance measuring unit. The 
angle measuring unit and distance measuring unit can measure distances to and angles relative to at least three spec- 
ified points on a plane a including measuring points of an object to be measured. The angle measuring unit can meas- 

10 ure angles relative to each individual measuring points. The computing unit can determine an equation for specifying 
the plane a from the distances to and angles relative to the specified points, determine an equation indicative of a 
straight line for connecting the measuring points from the angles relative to the measuring points, and compute a meas- 
uring point corresponding to a point where the plane a and the straight line intersect. 

[0031 ] The object to be measured by the surveying apparatus according to the present invention is a three-dimen- 
75 sional object, the plane a is one surface of the three-dimensional object, and the measuring points may also be corners 
on the plane a. 

[0032] The points measured by the surveying apparatus according to the present invention are two points. The 
computing unit can compute three-dimensional coordinates of the two points and also compute the distance between 
the two points. 

20 [0033] The points measured by the surveying apparatus according to the present invention are at least three points. 
The computing unit can compute three-dimensional coordinates of at least the three points and also compute an area 
surrounded by these points. 

[0034] An electronic storage medium according to the present invention describes therein procedures or the like for 
allowing an angle measuring unit to measure angles up to at least three specified points on a plane a including meas- 

25 uring points of an object to be measured, allowing a distance measuring unit to measure distances to at least the three 
specified points on the plane a including the measuring points of the object to be measured, allowing the angle meas- 
uring unit to measure angles relative to the measuring points, and allowing a computing unit to determine an equation 
for specifying the plane a from the distances to and the angles relative to the specified points, determine an equation 
indicative of a straight line connecting the measuring points from the angles relative to the measuring points, and com- 

30 pute a measuring point corresponding to a point where the plane a and the straight line intersect. 

[0035] Further, an electronic storage medium according to the present invention describes therein procedures for 
allowing an angle measuring unit to measure angles up to at least three specified points on a plane a including meas- 
uring points of an object to be measured and angles up to at least three specified points on a plane p including meas- 
uring points of an object to be measured, allowing a distance measuring unit to measure distances up to at least the 

35 three specified points on the plane a including the measuring points of the object to be measured and distances up to 
at least the three specified points on the plane p including the measuring points of the object to be measured, allowing 
the angle measuring unit to measure angles relative to the measuring points, and allowing a computing unit to deter- 
mine an equation for specifying the plane a and an equation for specifying the plane 0 from the distances to and the 
angles relative to the specified points, determine an equation indicative of a straight line connecting the measuring 

40 points from the angles relative to the measuring points, and compute a measuring point corresponding to a point where 
the plane a or p and the straight line intersect. 

[0036] In the electronic storage medium according to the present invention, at least two points corresponding to the 
measuring point on the plane a and the measuring point on the plane p can also be made common. 
[0037] In the electronic storage medium according to the present invention as well, the object to be measured is a 
45 three-dimensional object, the plane a is one surface of the three-dimensional object, and the measuring points may 
also be corners on the plane a. 

[0038] Further, the electronic storage medium according to the present invention describes therein procedures or 
the like for setting the measuring points to two points and allowing the computing unit to compute three-dimensional 
coordinates of the two points and compute the distance between the two points. 
so [0039] Furthermore, the electronic storage medium according to the present invention describes therein proce- 
dures or the like for setting the measuring points to at least three points and allowing the computing unit to compute 
three-dimensional coordinates of at least the three points and compute an area surrounded by these points. 

BRIEF DESCRIPTION OF DRAWINGS 

55 

[0040] 

FIG. 1 is a diagram for describing the principle of the present invention. 
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FIG. 2 is a diagram for describing the principle of the present invention. 
FIG. 3 is a diagram for describing the principle of the present invention. 

FIG. 4 is a diagram for describing the structure of a lightwave range finder showing an embodiment of the present 
invention. 

5 FIG. 5 is a diagram showing one example of the function of the present embodiment. 
FIG. 6 is a diagram for describing a prior art. 
FIG. 7 is a diagram for describing another prior art. 
FIG. 8 is a diagram for describing a further prior art. 
FIG. 9 is a diagram for describing the further prior art. 

10 

BEST MODE FOR CARRYING OUT THE INVENTION 
[Principle] 

is [0041] The principle of the present invention will first be explained with reference to FIG. 1 . Now consider where a 
lightwave range finder 1 000, which does not make use of a corner cube, is first placed at a point 0 to measure a building 
6000 which is an object to be measured. The building 6000 can be considered to be a rectangular parallelepiped. 
Respective surfaces thereof can be regarded as planes. 

[0042] The corner cube-free lightwave range finder 1000 is of a type called integral-type [total station] capable of 
20 measuring distances and angles. Incidentally, the optical axis of a distance measuring unit of the corner cube-free light- 
wave range finder 1000 and a colli mation system will be defined as coaxial with each other. 
[0043] Points A, B and C on a a surface of the building 6000 are first measured. Data obtained at the respective 
points A, B and C result in data about distances and angles as viewed from a point of origin in three-dimensional space 
with a point 0 (corresponding to the point where the corner cube-free lightwave range finder 1000 is installed) as the 
25 point of origin. It is thus possible to obtain or determine the positions of coordinates of the respective points A, B and C 
in three-dimensional space. Since the plane including the three points in three-dimensional space is uniquely deter- 
mined, the a surface containing the measured points A, B and C is uniquely determined. 

[0044] The positions of the coordinates of the points A, B and C in three<limensional space with the point 0 as the 
point of origin can be determined from the following equations. 
30 [0045] If the coordinates of the point A are given as (x A , y A and z*), then they are represented as follows: 

x A = U first equation 

y A = i- m 

35 

z A = L n 

where 

<o i : direction cosine in x direction when the point A is defined as collimation 
m: direction cosine in y direction when the point A is defined as collimation 
n: direction cosine in z direction when the point A is defined as collimation 

[0046] Further, if the coordinates of the points A, B and C are given as follows: 

45 

Mx^y^) 
B: (x 2 , y 2 , Z2) 
C: (x 3 , y 3l z 3 ), 

so then an equation for expressing the a surface corresponding to the plane is represented as follows: 



55 
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Xc Yc 
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1 



= 0 



. . • second equation 



[0047] An angle a of a plane in which one desires to measure its position, is next collimated. From angular data at 
15 this time, an equation indicative of a straight line which passes through the point 0 (corresponding to the point where 
the corner cube-free lightwave range finder 1 000 is installed) and a collimation point a. can be represented as follows: 



xll = y/m = z/n 



third equation 



20 where 



25 



30 



35 



40 



I : direction cosine in x direction 
m: direction cosine in y direction 
n: direction cosine in z direction 

[0048] Further, the coordinates of the collimation point a in three-dimensional space with the point 0 (corresponding 
to the point where the corner cube-free lightwave range finder 1000 is placed) as the point of origin, can be determined 
by solving the second and third equations as simultaneous equations. Namely, the x A coordinate of the point a can be 
represented as follows: 



x m*x/ t n*x/ I 



fourth equation 



55 



[0049] The y A coordinate of the point a can be represented as follows: 



45 



50 



t*y/m 
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m*y/n 




Yx 
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y a 




Xc 


y c 


2 C 



. . • fifth equation 



[0050] The z A coordinate of the point a can be represented as follows: 
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Xc 


Yc 


2 C 


... sixth equation 



[0051 ] Further, a distance L A between the point 0 (corresponding to the point where the corner cube-free lightwave 
15 range finder 1000 is placed) and the collimation point a is represented by the following equation: 

2 2 2 0 5 

L A = (x A +y A +z A ) seventh equation 

[0052] Even in the case of b, c and d corresponding to other corners on the a surface, their positions on the three- 
20 dimensional coordinates can be obtained in the same manner as described above. 

[0053] Thus, the positions on the three-dimensional coordinates, of a, b, c and d corresponding to other corners on 
the a surface can be determined. 

[0054] Further, the lengths of the sides of the a surface, the area thereof, etc. can be determined by calculation 
based on the three-dimensional coordinates of the respective points a, b, c and d. 

25 [0055] Arbitrary points on the plane can be determined without limitations to the angles of the plane in that since 
the equations indicative of the a surface corresponding to the plane have already been obtained, the positions of the 
three-dimensional coordinates can be indirectly determined from the angular data at collimation. Now consider a win- 
dow 6100 in the building 6000, for example. If four points e, f, g and h thereof are measured, then three-dimensional 
coordinates thereof can be determined. 

30 [0056] While the equations indicative of the a surface are computed using the data about the distances to and 
angles relative to the three points A, B and C, they are not limited to the three points. A least square method or the like 
may also be utilized through the use of data obtained by measuring four or more points, whereby high-accuracy meas- 
urements can be also carried out. 

[0057] The point where the corner cub-free lightwave range finder 1 000 is installed, is next shifted from the point 0 
35 to a point K as show in FIG. 2. If the a surface and a p surface corresponding to another plane are measured and meas- 
uring points (points c and d) common to the a surface are observed, an equation indicative of the p surface can be con- 
verted into form represented by the same three-dimensional coordinates as the equation indicative of the a surface. 
Thus, data on the p surface and data on the a surface can be represented by the same three-dimensional coordinates. 
[0058] Further, if all the angles of the building 6000 are measured, it is then possible to determine the volume of the 
40 building 6000. 

[0059] A distance L to the surface of a cylindrical column 5000 is measured by the lightwave range finder 100 as 
shown in FIG. 3. Next, if the outside shape of the cylindrical column 5000 is collimated to determine an angle e, then 
the radius R of the cylindrical column 5000 is given according to the tri-square theorem as follows: 



45 R = (sine/(1 - sinO))*L eighth equation 

A distance to the center of the cylindrical column 5000 can be also obtained according to the tri-square theorem as fol- 
lows: 



so L' = (1/(1-sin0))*L ninth equation 

[Embodiment] 

[0060] An embodiment of the present invention will be explained with reference to the drawings. 
55 [0061] FIG. 4 shows the structure of a lightwave range finder 1000 according to the present embodiment, which 
does not make use of a corner cube. The lightwave range finder 1000 comprises an angle measuring unit 1 100, a dis- 
tance measuring unit 1 200, a computing unit 1 300, a storage unit 1 400, an external input/output unit 1 500, an input key- 
board 1600. and a display unit 1700. 
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[0062] The angle measuring unit 1100 is used to collimate an object to be measured to thereby measure each 
angle thereof. The angle measuring unit 1 100 comprises a horizontal angle measuring part 1 1 10 and an altitude angle 
measuring part 1120. 

[0063] The distance measuring unit 1200 is used to measure a distance to an object to be measured through the 
5 use of the lightwave range finder. 

[0064] The computing unit 1300 computes the above-described determinants so as to solve simultaneous equa- 
tions and carries out the entire control of the lightwave range finder 1000. 

[0065] The storage unit 1 400 is a memory and is required to execute computations together with the computing unit 
1300. The external input/output unit 1500 is used to connect a memory card or the like which is an external storage 
10 medium for performing a measuring program, data input, the output of the result of measurements, the result of com- 
putation or the like, etc. 

[0066] Incidentally, the memory card corresponds to an electronic storage medium. The present electronic storage 
medium is not limited to the memory card. Any of external storage media such as a floppy disk, a CD, a DVD, an MO, 
etc. can be used. 

15 [0067] The input keyboard 1600 is used to allow a user to input instructions or necessary data. The display unit 
1 700 is used to monitor the input instructions or data and display the result of computation thereon. 
[0068] One example of the operation of the present embodiment will next be described with reference to FIG. 5. 
[0069] In Step 1 (hereinafter abbreviated as S1 ), the points A, B and C on the a surface of the building 6000 shown 
in FIG. 1 are first measured to thereby obtain data about distances and angles as viewed from the lightwave range 

20 finder 1000. 

[0070] Next, in S2, the aforementioned second equation is computed to calculate an expression or equation for 
specifying the a surface including the three points A, B and C. Next, in S3, the four points, i.e., points a, b, c and d equiv- 
alent to the four corners of the a surface are collimated (their angles are measured). In S4, the fourth, fifth and sixth 
equations are solved to thereby compute the three-dimensional coordinates of the points a, b, c and d corresponding 
25 to the four corners of the a surface. In S5, the distances among the respective points a, b, c and d can be further com- 
puted, and the area (corresponding to the area formed by the four corners of the a surface) of the a surface can be cal- 
culated. 

[0071] The present invention shows a surveying method and equipment or apparatus which exhibit or produce a 
very high degree of effect in the corner cube-free lightwave range finder 1000 capable of measuring the distances and 
30 angles. It is however needless to say that even in the case of a surveying apparatus which makes use of a normal cor- 
ner cube, a similar effect can be obtained upon performing similar surveying. 

[0072] The present invention constructed as described above comprises a first step for specifying at least three 
points on a plane a including measuring points of an object to be measured and measuring distances to and angles 
relative to at least the three points corresponding to the specified points as viewed from the point of origin, a second 

35 step for determining an expression or equation for specifying the plane a, using data about the distances and angles 
obtained in the first step, a third step for collimating the measuring points from the point of origin to measure the angles 
and determining an equation indicative of a straight line connecting between the point of origin and each measuring 
point, and a fourth step for computing a measuring point corresponding to a point where the equation for specifying the 
plane a, which is obtained in the second step and the equation indicative of the straight line connecting between the 

40 point of origin and each measuring point intersect. Therefore, the present invention can bring about an excellent effect 
in that coordinates or the like can be measured even at hard-to-measure places as in the case of the corners or the like. 

INDUSTRIAL APPLICABILITY 

45 [0073] As described above, the present invention is capable of computing arbitrary three-dimensional coordinate 
positions, distances and areas or the like from distance and angular data, etc. Further, the present invention can specify 
at least three points on a plane a including measuring points of an object to be measured, measure distances to and 
angles relative to at least three points corresponding to the specified points as viewed from a point of origin, determine 
an equation for specifying the plane a, using data about the distances and angles, collimate the measuring points from 

so the point of origin to measure angles, determine an equation indicative of a straight line connecting between the point 
of origin and each measuring point, and compute a measuring point corresponding to a point where the equation for 
specifying the plane a and the equation indicative of the straight line connecting between the point of origin and each 
measuring point intersect. 

55 Claims 

1 . A three-dimensions measuring method, comprising the following steps: 
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a first step for specifying at least three points on a plane a including measuring points of an object to be meas- 
ured and measuring distances to and angles relative to at least three points corresponding to the specified 
points as viewed from a point of origin; 

a second step for determining an equation for specifying the plane a, using data about the distances and 
5 angles obtained in said first step; 

a third step for collimating the measuring points from the point of origin to thereby measure angles and deter- 
mining an equation indicative of a straight line connecting between the point of origin and said each measuring 
point; and 

a fourth step for computing a measuring point corresponding to a point where the equation for specifying the 
10 plane a, which is obtained in said second step and the equation indicative of the straight line connecting 

between the point of origin and said each measuring point, said equation being obtained in said third step, 
intersect. 

2. A three-dimensions measuring method as defined in claim 1 , wherein said point of origin is a point where a survey- 
75 ing apparatus is installed. 

3. A three-dimensions measuring method as defined in claim 2, wherein said surveying apparatus is a lightwave 
range finder freed from the use of a corner cube. 

20 4. A three-dimensions measuring method as defined in any of claims 1 to 3, wherein the object to be measured is a 
three-dimensional object, the plane a is one surface of the three-dimensional object, and the measuring points are 
corners on the plane a. 

5. A three-dimensions measuring method as defined in any of claims 1 to 4, wherein the measuring points are two 
25 points and further including a fifth step for computing three-dimensional coordinates of the two points and comput- 
ing the distance between the two points. 

6. A three-dimensions measuring method as defined in any of claims 1 to 4, wherein the measuring points are at least 
three points and further including a fifth step for computing three<limensional coordinates of at least the three 

30 points and computing an area surrounded by these points. 

7. A three-dimensions measuring method, comprising the following steps: 

a first step for specifying at least three points on a plane a including measuring points of an object to be meas- 
35 ured and measuring distances to and angles relative to at least three points corresponding to the specified 

points as viewed from a point of origin; 

a second step for specifying at least three points on a plane p including measuring points of an object to be 
measured and measuring distances to and angles relative to at least three points corresponding to the speci- 
fied points from the point of origin; 
40 a third step for determining an equation for specifying the plane a, using data about the distances and angles 

obtained in said first step; 

a fourth step for determining an equation for specifying the plane p, using data about the distances and angles 
obtained in said second step; 

a fifth step for collimating the measuring points from the point of origin to thereby measure angles and deter- 
45 mining an equation indicative of a straight line connecting between the point of origin and said each measuring 

point; 

a sixth step for computing a measuring point corresponding to a point where the equation for specifying the 
plane a, which is obtained in said third step and the equation indicative of the straight line connecting between 
the point of origin and said each measuring point, which is obtained in said fifth step, intersect; and 
so a seventh step for computing a measuring point corresponding to a point where the equation for specifying the 

plane p, which is obtained in said fourth step and the equation indicative of the straight line connecting between 
the point of origin and said each measuring point, which is obtained in said fifth step, intersect, and 
wherein at least two points corresponding to the measuring point on the plane a and the measuring point on 
the plane p are common. 
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8. A three-dimensions measuring method as defined in claim 7, wherein said point of origin is a point where a survey- 
ing apparatus is installed. 
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9. A three-dimensions measuring method as defined in claim 8, wherein said surveying apparatus is a lightwave 
range finder freed from the use of a corner cube. 

1 0. A three-dimensions measuring method as defined in any of claims 1 to 9, wherein said specified points are four or 
5 more points and the plane is specified by a least square method. 

11. A measuring method, comprising the following steps: 

a first step for measuring a distance to an external surface of a cylindrical column corresponding to an object 
w to be measured; 

a second step for collimating the outside shape of the cylindrical column to thereby measure an angle thereof; 
and 

a third step for computing a distance to the center of the cylindrical column from the distance obtained in said 
first step and the angle obtained in said second step or the radius of the cylindrical column by a tri-square the- 
15 orem. 

1 2. A surveying apparatus which is a lightwave range finder for measuring distances and angles, said lightwave range 
finder including, 

20 an angle measuring unit and a distance measuring unit; 

said angle measuring unit and said distance measuring unit measuring distances to and angles relative to at 

least three specified points on a plane a including measuring points of an object to be measured, 

said angle measuring unit measuring angles relative to each individual measuring points; and 

a computing unit for determining an equation for specifying the plane a from the distances to and angles rela- 

25 tive to the specified points, determining an equation indicative of a straight line for connecting the measuring 

points from the angles relative to the measuring points, and computing a measuring point corresponding to a 
point where the plane a and the straight line intersect. 

1 3. A surveying apparatus as defined in claim 1 2, wherein the object to be measured is a three-dimensional object, the 
30 plane a is one surface of the three-dimensional object, and the measuring points are corners on the plane a. 

14. A surveying apparatus as defined in claim 1 2 or 13, wherein the measuring points are two points and said comput- 
ing unit computes three-dimensional coordinates of the two points and computes the distance between the two 
points. 

35 

1 5. A surveying apparatus as defined in any of claims 1 2 to 14, wherein the measuring points are at least three points 
and said computing unit computes three-dimensional coordinates of at least the three points and computes an area 
surrounded by these points. 

40 1 6. An electronic storage medium such as a memory card, a floppy disk, a CD, a DVD, an MO or the like to which pro- 
grams descriptive of procedures or the like for allowing an angle measuring unit to measure angles up to at least 
three specified points on a plane a including measuring points of an object to be measured, allowing a distance 
measuring unit to measure distances to at least the three specified points on the plane a including the measuring 
points of the object to be measured, allowing the angle measuring unit to measure angles relative to the measuring 

45 points, and allowing a computing unit to determine an equation for specifying the plane a from the distances to and 
the angles relative to the specified points, determine an equation indicative of a straight line connecting said meas- 
uring points from the angles relative to the measuring points, and compute a measuring point corresponding to a 
point where the plane a and the straight line intersect are fixed. 

50 1 7. An electronic storage medium such as a memory card, a floppy disk, a CD, a DVD, an MO or the like to which pro- 
grams descriptive of procedures for allowing an angle measuring unit to measure angles up to at least three spec- 
ified points on a plane a including measuring points of an object to be measured and angles up to at least three 
specified points on a plane (3 including measuring points of an object to be measured, allowing a distance measur- 
ing unit to measure distances up to at least the three specified points on the plane a including the measuring points 

55 of the object to be measured and distances up to at least the three specified points on the plane p including the 
measuring points of the object to be measured, allowing the angle measuring unit to measure angles relative to the 
measuring points, and allowing a computing unit to determine an equation for specifying the plane a and an equa- 
tion for specifying the plane p from the distances to and the angles relative to the specified points, determine an 
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equation indicative of a straight line connecting said measuring points from the angles relative to the measuring 
points, and compute a measuring point corresponding to a point where the plane a or p and the straight line inter- 
sect are fixed. 

18. An electronic storage medium such as a memory card, a floppy disk, a CD, a DVD, an MO or the like to which pro- 
grams are fixed, as defined in claim 17 wherein at least two points corresponding to the measuring point on the 
plane a and the measuring point on the plane p are common. 

19. An electronic storage medium such as a memory card, a floppy disk, a CD, a DVD, an MO or the like to which pro- 
grams are fixed, as defined in any of claims 16 to 18 wherein the object to be measured is a three-dimensional 
object, the plane a is one surface of the three-dimensional object, and the measuring points are corners on the 
plane a. 

20. An electronic storage medium such as a memory card, a floppy disk, a CD, a DVD, an MO or the like to which pro- 
grams are fixed, as defined in any of claims 16 to 19 wherein the measuring points are two points and said com- 
puting unit computes three-dimensional coordinates of the two points and computes the distance between the two 
points. 

21 . An electronic storage medium such as a memory card, a floppy disk, a CD, a DVD, an MO or the like to which pro- 
grams are fixed, as defined in any of claims 16 to 20 wherein the measuring points are at least three points and 
said computing unit computes three-dimensional coordinates of at least the three points and computes an area sur- 
rounded by these points. 
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